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METHOD AND APPARATUS FOR DETECTING 
AND CONTROLLING THE FORMATION OF ICE 

OR FROST 

This is a continuation of application Ser. No. 529,728, 
?led Dec. 5, 1974, now abandoned. 

BACKGROUND OF THE INVENTION 
This invention relates generally to methods and appa 

ratus for detecting and controlling the accumulation or 
buildup of a substance on a selected surface, and more 
particularly relates to methods and apparatus for detect 
ing and controlling the buildup or ice or frost on a 
refrigerated surface. In addition, the invention relates to 
processes and apparatus for preventing frost formation 
on a refrigerated surface. 

In modern refrigerating equipment, the accumulation 
of ice or frost on the evaporator coils represents a prob 
lem. The accumulation or buildup of ice or frost insu 
lates the air to be cooled or refrigerated from the cold 
refrigerating ?uid circulating through the evaporator 
unit, resulting in a difficulty in maintaining the refriger 
ated space at the desired temperature. 
The prior art has attempted several techniques to 

solve this problem. One conventional method widely 
used provides for a time clock which at some prese 
lected time interval shuts off the compressor and turns 
on a thermal heating device adjacent to the evaporator 
coils to melt the ice or frost. The disadvantage of this 
technique is that ice or frost does not always accumu 
late at a constant rate, depending on the ambient humid 
ity and temperature of the air, and most clock-actuated 
defrost systems defrost oftener thannecessary, out of an 
abundance of caution, in order to eliminate all buildup 
of ice or frost. This defrosting on a regular time cycle, 
whether needed or not, independent of the quantity of 
accumulated ice or frost, is inefficient and wastes elec 
trical power. Another method is simply to shut off the 
compressor for a predetermined length of time gener 
ally sufficient to allow the ice or frost to melt. How 
ever, this is also inef?cient, since the turning off of the 
compressor permits the refrigerated space temperature 
to rise and again make the compressor and its motor 
work excessively to maintain the desired temperature. 
Other techniques use temperature sensitive devices to 
measure the temperature of the refrigerating medium 
and signal the defrost cycle upon a predetermined rise 
in the temperature as detected by the device. These 
temperature sensitive devices must be extremely sensi 
tive to detect a small change in the temperature of the 
refrigerating medium which corresponds to a wide 
variation in the thickness of the accumulation of the ice 
or frost and thus are generally not very accurate. 
Other methods of detection include optical means to 

detect buildup or accumulation of ice or frost. One such 
technique utilizes a light source and a photocell ori 
ented to transmit and receive the light adjacent the 
evaporator coils or the fins associated with such coils. 
As the ice or frost accumulates, it physically blocks the 
passage of light to the photocell and can trigger appro 
priate ice or frost controlling apparatus. Such prior art 
is disclosed in the following U.S. Pat. Nos.: 2,297,370; 
2,355,014; 2,377,926; 2,446,885; 3,120,108 and 3,188,828. 
None of these patents discloses the transmission of a 
beam of electromagnetic radiation of a preferred or 
selected wavelength and selected intensity through the 
ice or frost for measuring the change in intensity due to 
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2 
a change in the thickness of the ice or frost and resulting 
from absorption or scattering of the radiation by the 
frost. Of particular interest is the last enumerated U.S. 
Pat. No. 3,188,828, issued to Wayne on June 15, 1965. 
Wayne discloses apparatus for detecting ice utilizing a 
light source and photocell detector. The light source 
directs light upon a selected surface. The photocell is 
spaced from the light source and shielded from the light 
source. As ice forms on the selected surface, the light 
from the source reflects, scatters and refracts the light 
within the frost or ice, and a portion of such re?ected, 
scattered and refracted light reaches the photocell and 
generates a signal in response thereto. In theory, as the 
ice builds up the amount of light reaching the photocell 
increases, and the signal produced by the photocell will 
increase in direct proportion to the increased thickness 
of the ice. This method depends on the transmission and 
scattering around a barrier. Since this method depends 
on the detection of photons which have traveled within 
the ice or frost and around a barrier and which eventu 
ally exit the frost at a secondary site, the change in 
intensity to be detected is small compared to the ambi 
ent background. Accordingly, the light measuring tech 
nique disclosed in U.S. Pat. No. 3,188,828 can be accu 
rate only within rather narrow limits of application and 
is not suited to widespread use under varying applica 
tions of all types of refrigerating equipment, as is the 
case of the present invention. 
Of interest also is U.S. Pat. No. 3,280,577 to Kobaya 

shi, which discloses the use of a detector and a visible 
light source for directing the visible light through a 
layer of frost to the detector for producing electrical 
signals and means for controlling a defrosting operation 
in response to such electrical signals. The changes in the 
visible light passing through the ice or frost are caused 
by virtue of scattering and absorption of the visible light 
by the frost. However, the sensitivity of such a control 
disclosed in Kobayashi will be low since it is attempting 
to utilize a broad spectrum of visible light as a source 
and attempting to detect such visible light over a broad 
range, the limitations of which will be hereinafter fur 
ther treated. Further, use of a high intensity incandes 
cent light limits structural miniaturization and produces 
unwanted quantities of heat. _ 

Accordingly, one primary feature of the present in 
vention is to provide an ice or frost detecting apparatus 
of great accuracy, high reliability and low cost. 
Another feature of the present invention is to provide 

an ice or frost detecting apparatus that can have univer 
sal application in all types of refrigerating equipment. 
Yet another feature of the present invention is to 

provide an ice or frost detector that can accurately 
determine any thickness of ice or frost accumulated on 
the surface of evaporating coils of refrigerating equip 
ment. 

Still another feature of the present invention is to 
provide a control circuit, responsive to the ice or frost 
detector, that will control the buildup of ice or frost on 
the evaporator coils of refrigerating equipment. 
Another feature of the present invention is to provide 

means responsive to a control circuit for melting ice or 
frost on evaporator coils that allows for continued oper 
ation of the refrigerating equipment during the defrost 
cycle. 
Yet another feature of the present invention is to 

provide moans for inhibiting the formation of ice or 
frost on selected evaporator coil surfaces of refrigerat 
ing equipment. 
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Still another feature of the present invention is to 
provide means for detecting the level of a liquid. 
Another feature of the present invention is to provide 

means for detecting the physical change in state of a 
substance. 
Yet another feature is to provide a means for the 

prevention of the condensation of water vapor on evap 
orator coils and the subsequent accumulation of frost or 
ice on a refrigerated surface. 
Another feature is to provide a means for ice and 

frost control which has increased sensitivity over prior 
art devices. 

SUMMARY OF THE INVENTION 

The present invention remedies the problems of the 
prior art by providing a narrow band of detecting appa 
ratus that includes an emitter or source of electromag 
netic radiation having a selected wavelengths and a 
selected intensity that is absorbed or scattered by the 
substance to be detected, and a detector sensitive to the 
selected narrow band of wavelengths of the electro 
magnetic radiation for receiving the electromagnetic 
radiation after it has passed through the substance, such 
as ice or frost, for detecting the change in the intensity 
of the radiation in the narrow band due to absorption or 
scattering of the radiation by the substance. In one par 
ticular application, the emitter and detector are spaced 
apart and spaced from the surface of an evaporator coil. 
The narrow band of electromagnetic radiation is di 
rected through the ice or frost, re?ected from the coil 
surface through the ice or frost to impinge on the detec 
tor for measuring the change in intensity of the radia 

' tion due to absorption or scattering by the ice or frost in 
a relation proportional to the thickness of the ice or 
frost. 

In another embodiment, the ice or frost is caused to 
- form on a selected surface attached to the evaporator 

‘ coil, the selected surface being transparent to the nar 
row band of electromagnetic radiation of selected 

/ wavelengths. The emitter and detector are spaced on 
opposite sides of the transparent selected surface, and 
the electromagnetic radiation is passed through the ice 
or frost and the selected surface for detection of the 
change in intensity or energy due to absorption or scat 
tering by the ice or frost. 
A control circuit is also provided for responding to 

the detected change in intensity of the eectromagnetic 
radiation for controlling defrost of the ice or frost on 
the evaporator coils. 

Apparatus is also provided to detect the level of a 
narrow band of a liquid in a container utilizing an emit 
ter of electromagnetic radiation which contains a wave 
lengths absorbable by the liquid, a re?ector for re?ect 
ing the radiation and a detector sensitive to the prese 
lected wavelength of radiation. As the liquid level rises 
above the level of the re?ector, the liquid absorbs a 
portion of the electromagnetic radiation, and this de 
crease in intensity, which is proportional to the depth of 
the liquid, is detected by the detector and associated 
circuitry for initiating an appropriate alarm, control or 
indicator. 
A change in state detector is also provided utilizing 

the present invention that includes apparatus similar to 
the ice or frost detector, with the narrow band of wave 
lengths of electromagnetic radiation selected to include 
the wavelengths absorbed by the substance either in its 
?rst state, such as water, or after it has changed to a 
second state, such as ice. The detector will then detect 
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4 
the change in received intensity of the electromagnetic 
radiation when the water freezes and becomes ice, since 
the ice will absorb a portion of the selected wavelengths 
of electromagnetic radiation which was not absorbed 
by the water in a liquid state. 
Means are also provided for generating electromag 

netic radiation having a wavelength absorbable by the 
ice or frost and disposed in the evaporator coil compart 
ment for directing the electromagnetic radiation on the 
frost accumulated on the coils for absorption by the 
frost to melt the ice or frost without heating the sur 
rounding medium. 
A process and means is also provided for generating 

electromagnetic raidaiton in a narrow band containing 
wavelengths absorbable by water vapor in the humid 
air of a refrigeration unit for treating the air as it passes 
into a portion of the evaporator coil compartment to 
raise the energy level of the water vapor molecules to a 
level above the condensation point and thereby pre 
venting condensation of the water vapor on at least a 
portion of the evaporator coils and thus preventing the 
accumulation of frost on the coils. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the manner in which the above-recited 
advantages and features of the invention are attained 
can be understood in detail, a more particular descrip 
tion of the invention may be had by reference to specific 
embodiments thereof which are illustrated in the ap 
pended drawings, which drawings form a part of this 
speci?cation. It is to be noted, however, that the ap 
pended drawings illustrate only typical embodiments of 
the invention and therefore are not to be considered 
limiting of its scope, for the invention may admit to 
further equally effective embodiments. 

In the drawings: 
FIG. 1 is a graphical representation of the percentage 

absorption of electromagnetic radiation dependent 
upon wavelength for a substance in its liquid and solid 
states. 
FIG. 2 is a graphical representation of a family of 

curves illustrating the absorption by a substance of 
electromagnetic radiation dependent upon wavelength 
with relation to increasing thickness of the substance. 
FIG. 3 is a diagrammatic representation, partly in 

cross-section, illustrating one technique for the detec 
tion of an ordered or unordered solid deposited on a 
transparent surface utilizing the absorption and scatter 
ing phenomena of electromagnetic radiation transmis 
sion. 
FIG. 4 is a diagrammatic representation, partly in 

cross-section, illustrating another technique for the de 
tection of an ordered or unordered solid deposited on a 
re?ective surface utilizing the absorption and scattering 
phenomena of electromagnetic radiation transmission. 
FIG. 5 is a diagrammatic representation, partly in 

cross-section, illustrating another technique for the de 
tection of an ordered or unordered solid deposited on a 
transparent surface utilizing substantially solely the 
re?ective scattering phenomena of electromagnetic 
radiation transmission or a combination of re?ective 
scattering and absorption. 
FIG. 6 is a diagrammatic representation, partly in 

cross-section, illustrating another technique for the de 
tection of an ordered or unordered solid deposited on a 
surface having a material for absorbing electromagnetic 
radiation energy utilizing substantially solely the re?ec 
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tive scattering phenomena of electromagnetic radiation 
transmission. 
FIG. 7 is a side elevational view (partly in cross-sec 

tion) of a refrigeration unit utilizing the present inven 
tion for controlling the accumulation of ice or frost on 
the evaporator coils of the refrigeration equipment. 
FIG. 8 is a side elevational view (partly in cross-sec 

tion) of an ice or frost detecting apparatus disposed on 
an evaporator coil according to one embodiment of the 
invention. 
FIG. 9 is a perspective view of an ice or frost detect 

ing apparatus disposed on an evaporator coil according 
to a second embodiment of the invention. 
FIG. 10 is a detailed vertical cross-sectional view of 

the second embodiment of the invention as taken along 
lines 10—10 of FIG. 9. 
FIG. 11 is a perspective view of an ice or frost detect 

ing apparatus disposed on an evaporator coil according 
to a third embodiment of the invention. 
FIG. 12 is a detailed vertical cross-sectional view of 

the third embodiment of the invention taken along lines 
12-12 of FIG. 11. 
FIG. 13 is a perspective view of an ice or frost detect 

ing apparatus for attachment to an evaporator coil ac 
cording to a fourth embodiment of the invention. 
FIG. 14 is a detailed vertical cross-sectional view of 

the fourth embodiment of the invention taken along 
lines 14—14 of FIG. 13. 
FIG. 15 is a perspective view of a housing for a con 

trol circuit for use with the ice or frost detecting appa 
ratus. 

FIG. 16 is a vertical cross-sectional view of a liquid 
level detector apparatus utilizing the present invention. 
FIG. 17 is a diagrammatic view showing another 

embodiment of the liquid level detecting apparatus ac 
cording to this invention. ‘ 

FIG. 18 is a vertical cross-sectional view of an appa 
ratus for detecting the physical change in state of a 
substance according to the present invention. 
FIG. 19 is a vertical cross-sectional view of another 

embodiment of an apparatus for detecting the physical 
change in state of a substance according to the present 
invention. 
FIG. 20 is a schematic representation of one embodi 

ment of a circuit for accomplishing frost detection and 
initiating a defrost cycle in a refrigeration unit. 
FIG. 21 is a schematic representation of another em 

bodiment of a circuit for accomplishing frost detection 
and initiating a defrost cycle in a refrigeration unit. 
FIG. 22 is a schematic representation of a control 

circuit for detecting and indicating a liquid level or the 
physical change in state of a substance. 
FIG. 23 is a schematic representation of another con 

trol circuit for detecting and indicating a liquid level or 
a change in physical state of a substance. 
FIG. 24 is a schematic representation of one embodi 

ment of a control circuit for accomplishing frost detec 
tion, initiating and controlling a defrost cycle, and con 
trolling the operation of the refrigerating cycle in a 
refrigeration unit. 
FIG. 25 is a schematic representation of another em 

bodiment of a control circuit for accomplishing frost 
detection, initiating and controlling a defrost cycle, and 
controlling the operation of the refrigerating cycle in a 
refrigeration unit. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention has numerous uses, although it 
is especially suited for detecting and controlling the 
buildup or accumulation of ice or frost in refrigerating 
equipment. Accordingly, the references made to refrig 
erating equipment and the detection of ice or frost in 
this speci?cation are merely by way of examples and are 
not to be construed as limitations of the invention. It 
will be apparent that this invention has many applica 
tions in other ?elds, i.e., the ?elds of process control, 
particularly for the deposit or accumulation of ordered 
or unordered solid materials on a desired surface. 

It is known that molecules of substances accept, 
transmit, absorb, and scatter certain preferred wave 
lengths of electromagnetic radiation. A molecule of a 
known substance will have a unique wavelength spec 
trum of absorption while a broad range of wavelengths 
will be scattered. In explaining the absorption phenom 
ena, it may be considered that a wavelength of electro 
magnetic radiation absorbed by a material may effect an 

' increase in the rotational energy of the molecule of the 
material while absorption at another wavelength of 
electromagnetic radiation may effect an increase in the 
vibrational energy of the material molecule. The ab 
sorption spectrum of a selected material or substance 
may be graphically represented as in FIG. 1. In FIG. 1, 
the solid curve 30 plots percent absorption against the 
wavelength of electromagnetic radiation to which a 
liquid substance is exposed. The ?rst peak 31 occurs at 
wavelength M1 and may be a rotational absorption 
band for the particular liquid, while AL; might indicate 
a vibrational absorption band for the same liquid peak 
ing at 32. It is also known that the absorption band 
changes when the physical state of the substance 
changes, i.e., from a liquid to a solid, or from a gas to a 
solid, etc. Accordingly, dotted curve 33 of FIG. 1 plots 
percent absorption against the wavelength of electro 
magnetic radiation to which a solid substance is ex 
posed, the solid substance being a change in state of the 
same substance for which curve 30 was plotted. The 
?rst peak 34 at wavelength 7x31 might indicate a rota 
tional absorption band for the substance in a solid state, 
while peak 35 occurs at wavelength A32 and may indi 
cate a vibrational absorption band for the solid sub 
stance. Accordingly, it can be seen that a given sub 
stance has a discrete absorption band for certain electro 
magnetic radiation wavelengths, and the change of state 
of the substance, i.e., liquid to solid, solid to liquid, etc., 
will shift the discrete rotational and vibrational absorp 
tion bands of the molecules of the substance. 

If electromagnetic radiation is incident upon a solid, 
gas, or liquid, the surviving beam intensity of the radia 
tion due to absorption within the material can be calcu 
lated by use of Beer’s Law in the following equation: 

where: 
I=surviving intensity of the radiation 
Ia=original intensity of the radiation 
x=distance radiation travels in the material 
k=a function of the wavelength of radiation, i.e., k 

(7t). 
Accordingly, we can represent the absorption of vari 
ous wavelengths of electromagnetic radiation, such as, 
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M, A2 and A3, by afamily of curves 36, 37 and 38, as 
shown in FIG. 2. 
The physical phenomena of scattering is based on the 

quantum theory of electromagnetic radiation, in which 
the electromagnetic radiation is composed of a stream 
of discrete particles. In scattering, the particles (pho 
tons) strike molecules of the material and the photon is 
re?ected or de?ected from its beam path. As the linear 
density of a material increases (directly related to the 
thickness of the material or number of molecules), the 
probability increases that the stream of photons will 
strike a molecule or molecules of the material and be 
re?ected, i.e., scattered. As the thickness of the material 
increases, the probability increases for increased de?ec 
tion of photons, and therefore the total number of pho 
tons transmitted through the material decreases, while 
the total number of photons re?ected or scattered back 
out of the material increases. 
The effect of scattering is not pronounced in a liquid, 

and the decrease in intensity of a beam of electromag 
netic radiation traversing a distance X in a selected 
liquid is due mainly to absorption because of the ran 
dom movement of the molecules of the liquid material. 
However, in an ordered or unordered solid, for example 
certain kinds of ice are ordered solids with a regular 
molecular crystalline structure, while frost is an unord 
ered solid with an irregular or randomly spaced molec“ 
ular crystalline structure, the effect of scattering be 
comes an important factor. The effect of scattering is 

'- ‘not as wavelength dependent as that due to absorption, 
but it is a signi?cant factor. Accordingly, there alway 
exists wavelength for detecting the decrease in intensity 
‘of electromagnetic radiation passing through such an 
ordered or unordered solid due to absorption. How» 
ever, since it is not practical to generate electromag 
netic radiation of a single wavelength, a narrow band of 
wavelengths is ideal. 
There are certain advantages of detecting frost thick 

ness by utilizing electromagnetic radiation of a narrow 
band of wavelengths. Increased sensitivity and accu 
racy of measurement are achieved by utilizing such 
narrow-band electromagnetic radiation as opposed to a 
broad-spectrum eletromagnetic radiation. 

Blackbody radiation emitted from a standard tung 
sten lamp is emitted according to the Stefan-Boltzmann 
law: 

Where: 
W=radiant energy in watts/cm2 
e=emissivity factor of a particular material 
cr=a constant 

T=temperature in kelvins 
The standard tunsten visible light source is very sensi 

tive to ?uctuations in ambient temperature because the 
total energy radiated is proportional to T4. This means 
that ?uctuating ambient temperature would result in a 
fluctuation in total radiated intensity proportional to the 
fourth power of the absolute temperature change. This 
problem is further complicated by a ?uctuating volta 
age onfhe source, since such a ?uctuation would cause 
?uctuations in the temperature of the source, and pro 
duce a ?uctuation in the total energy radiated as de 
scribed above. 

In addition, such ?uctuations in temperature also 
produce shift in the wavelength spectrum of the source 
since the wavelengths at which the maximum amount of 
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energy is emitted becomes shorter as the temperature is 
increased as provided by Wien’s displacement law: 

Where: 
Amax = wavelength inmicrometers 
T=temperature in kelvins 
The relationship between spectral emissivity, temper 

ature and radiant energy is given by Planck’s equation: 

W __ excl 

)‘ _ A5(e‘2/7\T— 1) 

Where: 
W>,=radiation emitted by an object at a given wave 

length 
e;,=emissivity of the object at the same wavelength 
c1=Planck’s ?rst radiation constant (3.75X10-12W 

cmz) 
c2=Planck’s second radiation constant (1.438 cmK) 
A=wavelength in micrometers 
T=temperature in kelvins 
The shift in energy distribution inthe emission of the 

broad band source results in different intensities at all 
wavelengths reaching the detector. If the total energy 
of a substantial portion of the electromagnetic spectrum 
is being collected and measured, a signi?cant error will 
be made in the frost measurement. This is true because 
the transmission and scattering of the electromagnetic 
radiation is wavelength dependent. Likewise, of the 
total energy generated by the tungsten source, the en 
ergy transmitted throug hhe frost is wavelength depen 
dent. 
As can be seen above, the shift in temperature for a 

standard tungsten broad spectrum source causes critical 
shifts in the wavelength spectrum emitted and the radi 
ant energy emitted by the source. The resulting effect is 
an increased scattering and transmission at some wave 
lengths and decreases at other wavelengths. If a narrow 
band is selected for measurement of the frost thickness 
this error can be reduced considerably. 
The dependence of a radiation emitting PN junction 

semiconductor on temperature is substantially smaller 
than the corresponding effect on a Blackbody radiatior 
which is placed in a refrigerated area. 
The effects of ?uctuation of ambient light on broad 

band emission, detection and measurement are consider 
able and have much the same effect on measurement as 
voltage in temperature ?uctuation. The ambient light 
effects can be minimized by using'electromagnetic radi 
ation in a narrow band of wavelengths for the thickness 
measurement. Since the total energy in the narrow band 
of the source can be made large relative to the ambient 
energy ?uctation in the narrow band, the effect of ambi 
ent ?ucuations can be minimized by using electromag 
netic radiation of a narrow band of wavelengths for the 
measurement. 
The same transmission and scattering effects above 

discussed with regard to temperature and wavelength 
changes come into play when changes in ambient radia 
tion are experienced, and can also be minimized by 
selecting electromagnetic radiation of a narrow band of 
wavelengths in which to perform the measurement. 
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radiation due to scattering may be expressed in a com 
plex equation similar to Beer’s Law above expressed. 
Under certain circumstances, the re?ective scatter 

ing, i.e., the effects of scattering measured on the same 
side of the material as the emitter of the electromagnetic 
radiation, can be relied on to detect the thickness of the 
material. In this technique, the re?ective scattering 
from the surface and interior of the material increases as 
the thickness of the material increases, as opposed to the 
phenomena above discussed where the electromagnetic 
radiation intensity decreases when measured on the 
opposite side of the material. 

Thus, in the description that follows, electromagnetic 
radiation of a narrow band of wavelengths means a 
narrow bandwidth of electromagnetic radiation compa 
rable to the electromagnetic radiation emitted by the 
action of electrons traversing the energy gap of semi 
conductor materials, as conventionally de?ned in semi 
conductor physics, a substantial portion of such “nar 
row band” containing wavelengths at which either or 
both the absorption and scattering effects are pro 
nounced. An “absorption band of wavelengths” means 
a narrow band of radiation containing of the wave 
lengths at which maximum absorption effects are pro 
nounced, such as in the transmission of the electromag 
netic radiation in liquids. 

Referring now to FIGS. 3 through 6, various physi 
cal arrangements are illustrated for detecting the thick 
ness of a material in accordance with the absorption and 
scattering phenomena above discussed. FIG. 3 illus 
trates the detection of the thickness of an ordered or 
unordered solid 44 on a transparent surface 43, utilizing 
a source or emitter 40 of electromagnetic radiation of a 
narrow band of wavelengths transmitting radiation 
along path 41 to a detector 42. The emitter 40 transmits 
the band of radiation 41 having a narrow band of wave 
lengths and of a selected intensity that is detected by 
detector. 42. As the thickness of the material 44 in 
creases, the intensity of the band of electromagnetic 
radiation 41 decreases at detector 42 due to absorption 
or scattering or a combination of both phenomena, 
proportional to the thickness of material 44. 

In FIG. 4, the material comprising an ordered or 
unordered solid 44 is deposited on a material 47 having 
a re?ective surface. Emitter 40 and detector 42 are 
positioned on the same side of the material 44 to be 
detected. Emitter 40 transmits a narrow band of electro 
magnetic energy having a narrow band of wavelengths 
and a selected intensity along path 45 through material 
44 and re?ects from the surface of material 47 along 
path 46 to detector 42. As the thickness of material 44 
increases, the intensity of the re?ected electromagnetic 
radiation 46 decreases at detector 42 in a relation pro 
portional to the increase in thickness of material 44 due 
to absorption or scattering or a combination of both 
phenomena. 
FIG. 5 depicts an ordered or unordered solid material 

44, such as frost or ice, deposited on a transparent mate 
rial 43. An emitter or source 50 of electromagnetic 
radiation of a narrow band of wavelengths directs a 
beam of electromagnetic radiation of and selected inten 
sity along a path 51 which is transmitted through mate 
rial 44 and transparent member 43. However, if detector 
53 is located on the same side of material 44 as emitter 
50, the detector 53 is selected to detect the re?ected 
scattering of electromagnetic radiation along paths 52 
as it is re?ectively scattered from the surface and inte 

10 

10 
rior of material 44. Such re?ection of electromagnetic 
radiation is in a relation proportional to the thickness of 
material 44, the re?ective scattering of electromagnetic 
radiation increasing in proportion to the increase in 
thickness of the material 44. In addition, a second detec 
tor 56 can be located on the opposite side of transparent 
member 43 from emitter 50 for simultaneously detecting 
the decrease in intensity of the band of electromagnetic 
radiation travelling along path 51 through frost 44 and 
member 43. 
FIG. 6 illustrates another re?ective scattering tech 

_ nique utilizing an emitter 50 and detector 53 spaced on 
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the same side of an ordered or unordered solid material 
44 deposited on a member 55 having a coating for ab 
sorbing electromagnetic radiation emitted from source 
50. Emitter 50 transmits a narrow band of electromag 
netic radiation and selected intensity along path 51 
through material 44 where it strikes absorptive coating 
54 of member 55 and is absorbed. The coating 54 is 
selected to absorb the narrow band of wavelengths of 
the transmitted electromagnetic radiation. However, 
electromagnetic radiation is re?ectively scattered from 
the surface and interior of material 44 along paths 52 to 
detector 53. As previously mentioned, the re?ective 
scattering phenomena causes an increase in the re?ected 
scattered radiation detected by detector 53 in a relation 
proportional to the increase in thickness of material 44. 
In both the processes illustrated in FIGS. 5 and 6, the 
radiation detected by detector 53 results substantially 
solely from scattering, and more precisely, re?ective 
scattering. 

Referring now to FIG. 7, refrigerating unit 60 for 
practicing the present invention is shown having a 
frame and case 61 and a refrigerated compartment 62 
for holding and storing perishable goods 63. Air ?ow 
through the refrigerator moves through intake or in 
?ow air duct 64 and through a duct 65 where it is 
moved by means of fan blower 66. The circulating air is 
moved through passageways de?ned by baf?es 70, and 
re?ectors 71, 72, 73 and 74, which will be hereinafter 
further described, through evaporator compartment 67 
for passage through duct 68 where it is expelled 
through out?ow air duct 69 and into the refrigerated 
goods compartment 62 for cooling and refrigerating the 
goods 63. The air moved by blower 66 travels around 
re?ectors 71 and through a ?rst evaporation coil unit 
75, through the passages formed by baf?es 70, around 
re?ectors 72, through a second evaporation coil unit 76, 
between another series of baf?es 70 and re?ectors 73, 
and through a third evaporation coil unit 77, and then 
around additional re?ectors 74 and into the return duct 
69, as hereinabove described. 
The ?rst evaporator coil unit 75 comprises a series of 

evaporator tubes or coils 78 connected by means of 
tubing 89 and 90 to the second evaporator coil unit 76 
and to a compressor 38 by means of tubing 88. The ?rst 
evaporator coil is further connected by means of tubing 
96 through a solenoid valve and an expansion valve 94 
to tubing sections 91 and 92 to one side of a condenser 
coil unit 84 made up of coils or tubing 85. The second 
evaporation coil unit 76 comprises a series of evapora 
tor tubes or coils 79 connected by means of tubing 88 
and 89 to the compressor 86 as hereinabove previously 
described. The second coil is also connected by means 
of tubing section 99 through a check valve 100 to the 
tubing 80 of the third evaporator coil unit 77. Disposed 
between the opposite ends of evaporator coil 77 is a tee 
tubing 95 and solenoid and ‘expansion valves 97 and 94, 
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respectively. The other side of the expansion valve 94 is 
also connected by means of tubing sections 93 and 91 to 
the coils of condenser coil unit 84. The other end of 
condenser coil unit 84 is connected via tubing 87 to 
compressor 86, for circulation of the refrigerating ?uid 
through the evaporator units 75, 76 and 77 and con 
denser unit 84 in a conventional manner. 
The motor of blower 66 is connected via electrical 

conductors 105, 106, 107 and 108 to a source of electri 
cal power by means of plug 104. Electrical power is 
furnished through plug 104 and conductor 105 as one 
input to a control circuit 103. The control circuit 103 
controls the operation of electromagnetic radiation 
energy sources 81, 82 and 83, by means of conductors 
110, 111, 116, 117 and 118, respectively, or controls 
other conventional defrost means (not shown) and the 
operation of compressor 86 via conductor 115, for pur 
poses to be hereinafter more fully explained. Electrical 
power is also applied to the motor of the compressor 86 
by means of an electrical conductor 106 and plug 104. 
An ice or frost detecting apparatus 102 is attached to 
one of the coils 78 of the ?rst evaporator unit 75 for 
detecting the buildup of ice or frost on the coil 78 and 
signalling the control circuit 103. A drainpipe 101 is 
provided for draining off the water after the defrost of 
the evaporator coils 78, 79 and 80, or other condensate 
obtained in the refrigeration process. 

In operation, the compressor 86 pumps refrigerating 
?uid through tubing 87 to the coils 85 of the condenser 
unit 84 and then to the ?rst evaporator unit 75 by means 
of tubing 91 and 92, expansion valve 74 and tubing 95 
and solenoid valve 97 to one end of coils 78 of unit 75. 

- Refrigerating ?uid passes also from condenser 84 
through tubing 91 and 93, expansion valve 94, tubing 95 
and solenoid valve 97 to coils 80 of evaporator unit 77. 
The refrigerating ?uid ?ows from coils 80 through 
check valve 100 and tubing 99 to coils 79 of the second 

' " evaporator unit 76. The ?ow from evaporator units 75 
" and 76 ?ows through tubing sections 90, 89 and 88 to be 
returned to the compressor 86 to repeat the ?ow cycle. 

' If solenoid valve 97 is closed, then ?ow of refrigerating 
fluid from expansion valve 94 is shunted through tubing 
sections 98_and 99 to the second evaporator coil section 
76. With solenoid valve 97 closed, no refrigerating ?uid 
?ows through evaporator unit 77. If solenoid valve 97 
of unit 75 is closed, then ?ow of refrigerating ?uid from 
expansion valve 94 is blocked and no refrigerating ?uid 
circulates in the ?rst evaporator coil unit 75. The refrig 
erating ?uid circulating through evaporator unit 76 is 
returned to compressor 86 via tubing sections 88 and 89, 
as hereinabove described. , 

As it passes over the surface of the coils 78, 79 and 80, 
of the evaporator coil units 75, 76 and 77, respectively, 
the refrigerating ?uid absorbs the heat contained in the 
air moving through evaporator compartments 67, 
thereby cooling the circulating air. At a known temper 
ature, the water vapor in the cooled air begins to con 
dense on the surfaces of coils 78, 79 and 80, of the evap 
orator coil units 75, 76 and 77, respectively, and when 
further cooled to freezing temperature, begins to form 
ice or frost. As the frost builds up, it acts to insulate the 
air ?owing through the evaporator coils and thereby 
inhibits the heat transfer process, with the result that 
temperatures in the refrigerating compartment 62 are 
not maintained at the desired levels. 
At the present, the conventional technique for de 

frosting evaporator coils 75, 76 and 77 is to stop circula 
tion of the refrigerating ?uid and actuate heaters (not 
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shown) for heating the surfaces of coils 78, 79 and 80 to 
melt the accumulated ice or frost. Once the defrost 
cycle is accomplished, the refrigeration cycle is re 
sumed. The defrost cycle is commonly controlled by a 
defrost clock set to initiate the defrost cycle at prese 
lected intervals of time without regard to the quantity 
of ice or frost accumulated on the evaporator coils 78, 
79 and 80. With so much heat generated during the 
defrost cycle, it is even more dif?cult to maintain the 
desired temperatures in the refrigerator compartment, 
and the motor of compressor 86 must work longer and 
harder to stabilize the temperature. 
By utilizing the apparatus shown in FIG. 1, the water 

vapor in the air circulated by fan blower 66 will tend to 
?rst condense on the ?rst evaporator coil 75 where it is 
deposited in the form of frost. This condensation re 
moves a substantial portion of the water vapor from the 
circulated air. The air, after passing over the surfaces of 
coils 78 of evaporator unit 75 moves by re?ectors 72 
and into the passageway created by baf?es 70 which 
direct the air over and around a source of electromag 
netic radiation 82 having a absorption band of wave 
lengths and a selected intensity. Some of the radiation 
electromagnetic of the absorption wavelengths of water 
vapor are absorbed by the water vapor. This absorption 
is suf?cient to raise the energy levels of the water vapor 
molecules and inhibits the condensation of the water 
vapor and the subsequent buildup or accumulation of 
ice or frost on the surface of coils 79 of evaporator unit 
76, since the water molecules are maintained at an en 
ergy level above condensation. After leaving evapora 
tor compartment 67 and evaporator unit 76, the air, 
with some of its water vapor molecules raised to an 
energy state above condensation, passes around re?ec 
tors 73 and between baf?es 70 to be directed over the 
surfaces of coils 80 of evaporator unit 77. The third 
evaporator coil unit 77 is provided to remove additional 
water vapor from the discharge air leaving the second 
evaporator coil unit 76. Such removal of additional 
water vapor is desirable, since the less humid the air 
discharged through out?ow duct 69 into compartment 
62, the less frost will accumulate on the refrigerated 
product 63. Of course, as some of the water vapor con 
denses on the surfaces of coils 80 of evaporator unit 77, 
frost forms on the coil surfaces and the insulation of the 
coil surface and the circulating air takes place as herein 
before previously described. However, since the water 
vapor does not condense on the surfaces of coils 79 of 
the second evaporation unit 76, uninterrupted refrigera 
tion of the product compartment 62 may be effected. 

Re?ectors 72 and 73 are provided to retain electro 
magnetic radiation from source 82 in the compartment 
of the evaporator unit 76. Similarly, the interior of the 
evaporator compartment 67 surrounding evaporator 
coil unit 76 may be coated with a re?ective material for 
re?ecting a maximum amount of electromagnetic radia 
tion into and around the compartment for contact with 
the circulating air. 
A detector 102 for detecting the accumulation of ice 

or frost is shown disposed on a coil pass 78. Detector 
102 is interconnected to control circuit 103 by means of 
an electrical cable 109, and its operation will hereinafter 
be more fully explained. The detector signals control 
circuit 103 when a preselected thickness of ice or frost 
has accumulated on coil 78, and the control circuit 103 
in turn activates a pair of sources 81 of electromagnetic 
radiation of an absorption band of wavelengths and 
selected intensity, the wavelengths selected being ones 
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that are readily absorbed by ice or frost and not ab 
sorbed by the structure 61 or coils 78. The radiation 
from sources 81 will be absorbed by the ice and/or frost 
only, raising the temperature of the ice or frost and 
causing it to melt and to ?ow through drain 101 as 
water. However, the other constituent molecules of the 
air do not absorb an appreciable amount of the wave 
length of radiation and hence are not heated by the 
radiation. Similarly sources of electromagnetic radia 
tion 83, having an absorption band of wavelength and 
selected intensity, are positioned to direct the radiation 
on the frost accumulated on the third evaporator coil 
unit 77. Here again, the wavelength of the radiation 
selected is one that is readily absorbed by ice or frost 
and is not absorbed by the case structure 61 or the coils 
80. Accordingly, the frost on coil surfaces 80 will be 
heated and melted, but the surrounding medium will not 
be heated. The radiation sources 83 can be energized 
simultaneously with energization of radiation sources 
81, thereby effecting defrosting of the ?rst and third 
evaporator coil units 75 and 77, respectively. To speed 
up the defrost cycle of evaporator units 75 and 77, the 
solenoid valves 97 of each unit may be closed by an 
appropriate signal from control circuit 103, thus shut 
ting off the ?ow of refrigerating ?uid in units 75 and 77 . 
However, as previously described, refrigerating ?uid 
will continue to ?ow through the second evaporator 
coil unit 76, and since no condensation of water vapor 
occurs on the surfaces of coils 79, the refrigeration of 
the circulating air continues uninterrupted. Re?ectors 
71 and 74 are utilized to retain the radiation from 
sources 81 and 83 in the evaporator compartments sur 
rounding evaporator units 75 and 77. In addition, the 
inside of the compartment 67 may be coated with a 
re?ective material to enhance re?ection and maximum 
distribution of the radiation in the compartment. Of 
course, the ice or frost detector 102 and control circuit 
103 may be utilized to control conventional defrost 
heaters and refrigerating circulating equipment in a 
conventional manner. It is apparent that a conventional 
refrigeration system utilizing electric defrost heaters 
could have these heaters replaced with electromagnetic 
radiation sources such as 81, 82 and 83. The radiation 
sources must contain wavelengths of radiation which 
are absorbed by the ice or frost. Such sources might be 
a quartz infrared lamp, a laser or a gas discharge tube 
which contains a gas which has an emission band which 
is coincident in part with an absorption band of the ice 
or frost. 

In addition, the surface of compartment 67 and the 
surfaces of tubings 78, 79 and 80 may be coated with a 
material for absorbing a broad spectrum of wavelengths 
of electromagnetic radiation. The wavelength of radia 
tion of sources 81, 82 and 83 may be chosen to be in 
cluded within the absorption spectrum of the coating 
for causing the coating to absorb the radiation and heat 
the coating. When the coating on the coils heats, the ice 
or frost will be heated and subsequently melted. The 
heating of the coating of the compartment will insure 
that any ice or frost formed on the walls of the compart 
ment are heated and melted. In the circumstances just 
described, the wavelengths of the electromagnetic radi 
ation chosen for sources 81, 82 and 83 would not neces 
sarily be one of the wavelengths of absorption of the ice 
or frost. 

Referring now to FIG. 8, a side elevational view, 
partly in cross-section, of the ice or frost-detecting ap 
paratus 102 is shown in detail. Detector 102 comprises a 
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support housing 120 carrying a source of electromag 
netic radiation or emitter 125 that transmits a narrow 
band, along path 126, of electromagnetic radiation of a 
selected intensity, that is absorbed or scattered by ice or 
frost. The support housing 120 also carries a photode 
tector 128 that is selected to receive and detect the 
wavelengths of electromagnetic radiation emitted by 
source 125 and re?ected from coil 78 by path 127. 
Under certain conditions, an ambient condition light 
detector 131 may also be utilized as a reference source 
of electromagnetic radiation to detect ambient light 
conditions in the area of the detector 102. Emitter 125, 
and photodetectors 128 and 131, are connected to a 
terminal box 130 which in turn is connected by electri 
cal conductors of cable 109 to a control circuit 103 (as 
described in FIG. 7). Other embodiments of appropriate 
control circuits will be hereinafter further described. 

Support housing 120 is spaced from evaporator coil 
78 by means of extensions or legs 121 having ?anged 
ends or feet 123 that may be attached to coil 78 by any 
conventional attaching means, such as bands or rings 
122. 

Coil 78 accumulates a layer or thickness of ice and 
frost 124 during the refrigeration cycle of the refrigerat 
ing apparatus. Emitter 125 is positioned to direct elec 
tromagnetic radiation of a narrow band of wavelengths 
and selected intensity through the layer of ice or frost 
124 along a path 126 where the electromagnetic radia 
tion is absorbed or scattered by the ice or frost. Refer 
ring also now to FIGS. 4 and 6, frost-detecting appara 
tus 102 may be utilized to detect a decrease in re?ected 
radiation due to absorption with an increase in thickness 
of the frost, or an increase in re?ected scattering of the 
radiation with an increase in thickness of the frost. 

Referring to FIGS. 4 and 8, if the effects due to ab 
sorption are to be measured, the electromagnetic radia 
tion 126 from emitter 125 will be directed through frost 
124 where it will be re?ected back from coating 129 of 
tubing 78 along path 127 to a detector 128, for detecting 
the decrease in the selected beam intensity as it passes 
through the frost 124 due to absorption in the manner 
earlier described with relation to FIG. 4. Similarly, 
referring now to FIGS. 6 and 8, the coating 129 of 
tubing 78 could be a coating of an absorptive material 
for absorbing the electromagnetic radiation passing 
through frost 124, and the electromagnetic radiation 
reaching detector 128 generally along path 127 will be 
due to re?ective scattering from frost 124 in the manner 
earlier described in connection with FIG. 6. Detector 
128 would detect an increase in re?ective scattering as 
a result of the increase in thickness of the frost 124. 

Ice or frost absorbs electromagnetic radiation in the 
infrared spectrum, and it has been found that the follow 
ing wavelengths appear to be preferable for accom 
plishing the detection of the absorption and scattering 
phenomena in ice or frost: 0.94 microns, 1.5 microns, 
2.87 microns or 6.3 microns. Of course, other absorp 
tion wavelengths in ice or frost may be utilized. In other 
materials, the preferred wavelengths would be those 
found to be the absorption and scattering wavelengths 
for the particular material. The narrow band of wave 
lengths to accomplish detection of electromagnetic 
radiation due to re?ective scattering cover a broader 
range of wavelengths than those available for absorp 
tion. Some of the wavelengths for absorption are also 
excellent wavelengths to accomplish scattering. 

Accordingly, it can be seen from FIG. 8 that a detec 
tor apparatus 102 may be provided for detecting the 
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buildup of ice or frost On an evaporator coil 78 of a 
refrigeration unit, basically comprising an emitter or 
source 125 of electromagnetic radiation having a nar 
row band of wavelength and a selected intensity for 
directing electromagnetic radiation through the accu 
mulated layer of frost 124 on the surface of coil 78, the 
ice or frost layer 124 absorbing or scattering some of the 
energy of the electromagnetic radiation in a relation 
proportional to its thickness. A detector 128, spaced 
from the emitter 125, is provided for receiving the elec 
tromagnetic radiation transmitted through the ice or 
frost 124 for detecting the changes in the intensity of the 
electromagnetic radiation in response to changes in the 
thickness of the layer of ice or frost 124. The emitter 125 
and detector 128 are carried by the support housing 120 
as hereinabove described, and the legs 121 and feet 123 
form a bracket means for mounting the support housing 
120 on the coil 78. 

Referring now to FIGS. 9 and 10, a second embodi 
ment 134 of the frost detector according to the present 
invention is shown. In this embodiment, evaporator coil 
78 contains a “sight glass” section 139 constructed of a 
material that is transparent and permits the free trans 
mission, without absorption or scattering, of the electro 
magnetic radiation utilized to detect the frost. A source 
of electromagnetic radiation or emitter 125 is mounted 
for directing radiation having a narrow band of wave 
lengths and selected intensity through the built-up layer 
of frost 124 and the transparent section 139 along a path 
126 to a detector 128, spaced from the emitter 125. 
Detector 128 receives the electromagnetic radiation 

‘ .and detects the changes in the intensity of the radiation 
. in response to changes in the thickness of the ice or frost 
124 covering the transparent section 139 in accordance 
with the absorption and scattering phenomena as earlier 
described particularly in connection with FIG. 3. Emit 

. ter 125 and detector 128 are mounted in a spaced-apart 
relationship on the upright ?anges 136 of a bracket 135. 

_ The mounting bracket 135 is adapted for mounting to 
evaporator coil 78 by means of suitable mounting 
?anges 137 which may be secured to coil 78 by any 
conventional attaching means, such as a ring or band 
138. Electrical conductors of cable 109 connect emitter 
125 and detector 128 to a control circuit 103 (as de 
scribed in FIG. 7). Other embodiments of appropriate 
control circuits will be hereinafter further described. 
As previously described for FIG. 8, the apparatus 134 

may also be modi?ed to detect the changes in the re 
?ected scattering of the electromagnetic radiation due 
to changes in the thickness of the frost 124 on the sur 
face of sight glass section 139. In this event, a “scatter 
ing” detector 151 would be located on the same side of 
the sight glass section 139 and spaced therefrom for 
mounting on the upright ?anges 136 of bracket 135. The 
electromagnetic radiation from emitter 125 would be 
directed through sight glass section 139 and the cover 
ing of frost 124 along beam path 168. In accordance 
with the scattering theory earlier discussed, particularly 
in connection with FIG. 5, the re?ected scattered radia» 
tion is generally directed along path 169 and received 
by detector 151. As earlier described in connection with 
FIGS. 5 and 8, the detector 151 will detect an increase 
in electromagnetic radiation proportional to an increase 
in the thickness of the frost 124 deposited on sight glass 
139. Further, the frost detector 134 may be utilized to 
detect a combination of scattering and absorption ef 
fects by utilizing both detectors 128 and 151 at'the same 
time in accordance with the hereinabove described 
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technique in connection with FIG. 5. The detected 
outputs of detectors 128 and 151 could then be applied 
to a bridge circuit which would be unbalanced when a 
predetermined thickness of ice or frost is detected for 
providing an extremely sensitive detector. 

Referring now to FIGS. 11 and 12, yet a third em 
bodiment 140 of the ice and frost detector, according to 
the present invention, is shown in detail. A source, or 
emitter 125 of electromagnetic radiation having a nar 
row band of wavelengths and a selected intensity is 
shown in a spaced-apart relationship from a detector 
128 mounted on extending flanges 142 of a support 
member 141. Support member, 141 is attached to an 
extending leg 149 of a frost forming member 144. The 
other leg 148 of frost forming member 144 is adapted for 
attachment to coil 78 and is attached thereto by any 
conventional fastening means, such as a ring or band 
145. In FIGS. 11 and 12, frost forming member 144 
comprises a metal strip 143 bent into a U-con?guration 
and then shaped into a generally L-shaped member 
having two legs 146 and a transversely extending por 
tion having a curved end 147. The transversely extend 
ing portion of the metal strip forming curved end 147 is 
encased or embedded in a plastic or epoxy resin material 
or glass material that is transparent to the electromag 
netic radiation having a narrow band of wavelengths 
but which will have heat transfer properties cooperat 
ing with metal frost forming strip 143 for providing a 
surface for accumulation of frost proportional to the 
accumulation on tubing 78. However, both the legs 146 
and the extending U-shaped portion 147 may be encased 
in such a plastic material as shown in FIGS. 11 and 12 
as long as one surface of metal strips or legs 146 can 
intimately contact the surface of coil 78 to establish 
suf?cient heat transfer between coil 78 and metal strip 
143 for causing frost 124 to accumulate on the surface of 
the frost forming member 144 in proportion to the accu 
mulation or buildup of the frost 124 on the surface of 
coil 78. 

Accordingly, with bracket 141 attached to the pro 
jecting leg 149 of the frost forming member 144, the 
emitter 125 is positioned for transmitting the electro 
magnetic radiation having a narrow band of wave 
lengths and selected intensity along path 126 through 
the layer of frost 124 and the transparent material 150 of 
the extending leg 149 of member 144. A detector 128 is 
positioned in an opposed spaced-apart relationship for 
detecting the changes in the intensity of the electromag 
netic radiation in response to changes in the thickness of 
the frost 124 on the surface of member 144 in accor 
dance with the absorption/ scattering phenomena above 
described to obtain maximum sensitivity. Electrical 
conductors of cable 109 interconnect emitter 125 and 
detector 128 with a control circuit 103 (as described in 
FIG. 7). Other control circuitry, which will be hereinaf 
ter further described, can be utilized with the frost de 
tector just described. 
The drawings of FIGS. 11 and 12 show the frost 

forming member 144 as a generally L-shaped member, 
but the exact shape of member 144 is not critical as long 
as a surface for accumulation of frost is provided with 
suf?cient heat transfer properties to insure a deposit of 
frost proportional to the accumulation of frost on the 
coil tubing, and provides the capability of carrying the 
emitter 125 and detector 128 for performing the frost 
detection either by the absorption or scattering tech 
nique. It is not necessary that the leg 149 of the frost 
forming member 144 be oriented at a right angle to leg 
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148, but oriented at such an angle transverse to leg 148 
to accommodate bracket 141 to carry emitter 125 and 
detector 128 in proper spaced relationship to accom 
plish the frost detection by absorption or re?ective 
scattering. Of course, as hereinabove described with 
regard to FIGS. 5 and 9, a “scattering” detector 151 
could be spaced adjacent emitter 125 and used to detect 
electromagnetic radiation re?ectively scattered from 
ice or frost 124 on the surface of member 144. 

Referring now to FIGS. 13 and 14, a preferred em 
bodiment 152 of the ice or frost detector is shown in 
detail. Detector 152 comprises a source or emitter 153 
of electromagnetic radiation having a narrow band of 
wavelengths and a selected intensity for transmitting 
radiation along a path 155 to be intercepted and re 
ceived by a detector 154 spaced from the emitter 153 for 
receiving the electromagnetic radiation. The emitter 
153 and detector 155 are mounted in a spaced-apart 
relationship and carried by a one-piece integral plastic, 
epoxy, or glass body member 156 that is in turn ?xed to 
an extending leg 160 of a frost forming member 157. 
Member 157 has another leg 158 adapted for mounting 
on the curved surface of evaporator coil 78. Member 
157 is constructed of a material, preferably a metal, 
having a good selected heat transfer characteristic for 
establishing heat transfer between evaporator coil 78 
and its radially extending leg 160. Leg 160 of member 
157 has an aperture 167 therein and spaced from leg 158 
for providing an opening through which the electro 
magnetic radiation may be directed from the emitter 
153 to the detector 154 along path 155. Leg 158 of 
member 157 may be curved to ?t the surface of coil 78 
for establishing intimate contact with the surface of the 
coil for providing heat transfer between coil 78 and 
member 157 as hereinabove discussed with reference to 
the frost forming member 144 discussed in reference to 
FIGS. 11 and 12. Leg 158 of frost forming member 157 
may be attached to the surface of coil 78 by any conven 
tional attaching or fastening means such as a ring or 
band 159. 
The body member 156 is generally U-shaped, having 

an opening 162 therein and carrying the emitter 153 and 
detector 154 in an opposed, spaced-apart relationship, as 
shown, in opposite portions of the U-shaped member. 
The aperture 167 in leg 160 of member 157 is preferably 
?lled with a transparent material forming a transparent 
section or lens 161 for freely transmitting the beam of 
electromagnetic radiation from emitter 153 without 
absorbing any of the radiation in the narrow band of 
wavelengths. Accordingly, heat transfer will be estab 
lished between the coil 78 and the extending leg 160 of 
member 157 for causing a layer of ice or frost 124 to 
accumulate on the surface of member 157 and the trans 
parent section 161 proportional to the accumulation or 
buildup of the frost layer, 124 on the surface of coil 78. 

Frost forming member 157 may be constructed of any 
suitable material having a good heat transfer character 
istic, and aluminum and copper have been found to be 
ideally suited for this purpose. The shape may generally 
be an L-shape as shown in FIGS. 13 and 14 or any 
convenient con?guration for allowing passage of the 
radiation beam through aperture 167 and transparent 
section 161 for detection by the absorption or scattering 
techniques as hereinabove disclosed in FIGS. 3 and 5. 
The body section 156 may be constructed of any type of 
a plastic, epoxy resin, or glass material, transparent or 
opaque, for purposes of carrying and supporting the 
emitter 153 and detector 154 in an opposed, spaced 
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apart relationship. In addition, embedding or “potting” 
of the emitter 153 and detector 154 seals the compo 
nents, provides insulation, and Waterproofs the compo 
nents and their related wiring. The body support mem 
ber 156 may be attached to the extending leg 160 of 
member 157 by any suitable attaching means, including 
the use of an epoxy glue or other suitable adhesive. 
Conductors 165 and 166 connect emitter 153 and detec 
tor 154, respectively, to a plug 163 for connection to a 
control circuit 170, to be hereinafter further described. 
Conductors 165 and 166 may, of course, be cast or 
embedded in the body section 156 along with any other 
components. A cable insulating sheath 164 protects 
conductors 165 and 166 and connects the plug 163 to 
the body member 156. 
As ice or frost 124 builds up on the surface of coil 78 

and the surfaces of the legs 158 and 160 of L-shaped 
member 157, the frost layer 124 will absorb or scatter 
some of the electromagnetic radiation directed by emit 
ter 153 along path 155 to detector 154. The detector 154 
receives the electromagnetic radiation and detects the 
changes in the intensity of the radiation in response to 
changes in the thickness of the frost 124 covering trans 
parent section 161 due to absorption or scattering as 
hereinabove described. The transparent section 161 
may preferably be constructed utilizing conventional 
techniques to provide a converging lens for converging 
the electromagnetic radiation from emitter 153 into a 
more concentrated and narrower beam of electromag 
netic radiation directed along path 155. 
The control circuitry for the frost detector 152 (or 

previously described embodiments 102, 134 and 140) 
may conveniently be packaged in a module as illus 
trated in FIG. 15. The circuitry may be housed in a unit 
172 having a case or cover 173 and a front panel 174 
connected to a chassis (not shown) carrying the circuit 
components. The cover 173 can be secured to the chas 
sis by means of conventional fasteners such as screws 
175. Air vents 176 provide a means of dissipating the 
heat created by the circuitry within housing 173. On the 
front panel 174, a control 177 is provided for setting the 
threshold level of the detector, as will hereinafter be 
further described. In practice, the female connector 179 
accepts the plug 163 and connects the control circuit 
170 with the remotely located frost detector. In addi 
tion, an indicator lamp 178 may be provided for indicat 
ing when the defrost cycle is in progress. 

Turning now to FIG. 20, a detailed schematic of the 
control circuit 170 is shown. Supply voltage of 115 
VAC is applied across input terminals 213 and 214 to 
the primary coil of a transformer 217. Stepped down 
voltage is applied via the secondary coil of transformer 
217 as an input to a full-wave recti?er 218 by conduc 
tors 222 and 223. One side of the output of the recti?er 
218 is connected to the input terminal 213 through con 
ductors 216 and 226. The other side of the output of the 
recti?er 218 is connected through conductors 165 and 
225, and resistor 224 to the anode of a narrow band 
emitter such as a PN junction electromagnetic radiation 
emitting semiconductor such as an LED 153. The nega 
tive side of the LED 153 is connected to input terminal 
213 through conductors 227 and 216. A storage capaci 
tor 219 is connected across the output of recti?er 218 by 
conductors 220 and 221. 
A photodetector device 154, which may conve 

niently be a light-admitting silicon controlled recti?er 
(LSCR), is connected across terminals 213 and 214 by 
means of conductors 166 and 228, resistor 229, and 
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conductor 216. The gate lead of LSCR 154 is connected 
through conductors 230 and 232 and resistors 177 and 
229 to the conductor 216 and terminal 213. Input volt 
age is also applied through conductor 215 to the anode 
of a diode 231. The cathode of diode 231 is connected to 
one terminal of a neon lamp 240 by means of conductor 
233. Neon lamp 240 is an element of photocoupler 239, 
which also includes a photocell represented by resistor 
241. The other terminal of the neon lamp 240 is con 
nected by conductors 255 and 237 and resistors 238 and 
229 to the conductor 216. In addition, a capacitor 235 is 
shunted around neon lamp 240 by conductors 234 and 
236. One side of the photocell resistance element 241 of 
photocoupler 239 is connected by conductor 242 to one 
of the output load voltage terminals 243. The other side 
of photocell resistance element 241 is connected 
through conductor 245 to the gate lead of a TRIAC 
246. TRIAC 246 is connected by conductors 242, 254 
and 247 between terminal 243 and defrost control means 
248. The defrost control means 248 is connected to 
terminal 244 by conductor 249. 

Referring now to FIGS. 7, 13, 14, 15 and 20, the 
operation of the frost detector 152 and control circuit 
170 for controlling the defrost of conventional refriger 
ation equipment will be explained. As hereinabove de 
scribed, frost detector 152 is attached to coil 78, and as 
the ice or frost 124 builds up on the surface of coil-78, 
the intensity of the electromagnetic radiation having 
narrow band of wavelengths transmitted by emitter 153 
will decrease at the detector 154 as the thickness of the 

, frost layer 124 increases due to absorption and/or scat 
tering. The threshold gate voltage of the detector 
(LSCR) 154 can be set to a desired value by variable 
resistor 273, coupled to the control knob 177 shown in 
FIG. 15. As the intensity of the electromagnetic radia 

' tion passing through transparent section or lens 161 
7. decreases below a predetermined value, the LSCR 154 
.is gated off and ceases conduction. When LSCR 154 
ceases to conduct, a voltage appears across neon lamp 

- 240 of photocoupler 239 and charges capacitor 235. 
When 60 VAC (the voltage output of recti?er 218) 
appears across the terminals of the neon lamp 240, it 
conducts and radiates light to photocell resistance ele 
ment 241. In accordance with conventional photocell 
technology, the impedance of the photocell resistance 
241 is reduced to a low value, thereby closing the cir 
cuit between terminal 243 and the gate lead of TRIAC 
246 through conductors 242 and 245, and the photocell 
resistor 241. The TRIAC 246 conducts and closes the 
load power circuit to the defrost control mechanism 
248. With a voltage appearing across the defrost control 
248, conventional defrost mechanisms, such as defrost 
heaters and the like, are energized and begin the defrost 
cycle to defrost the ice or frost 124 from evaporator 
coils 78. 

Capacitor 235 functions to store an electrical charge 
in order to maintain the necessary voltage and conduct 
ing current to neon light 240 during the half-cycle in 
which there is no conduction through diode 231. A time 
delay for operating lamp 240 can be effected by making 
the RC time constant of capacitor 235 and resistor 238 
large and may be adjusted by variable resistor 238. 
Thus, even after the ice or frost has been melted and the 
defrost cycle has physically been accomplished, an 
additional “defrost time” can be added to the defrost 
cycle. The defrost cycle will be terminated when the 
LSCR 154 resumes conduction after the defrost cycle is 
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complete, including any time delay created by the RC 
network of capacitor 235 and variable resistance 238. 
When LSCR 154 begins to conduct after the defrost 

cycle, neon lamp 240 of photocoupler 239 ceases con 
duction and photocell resistor 241 returns to a high 
impedance value, thus leaving the only effective resis 
tance in the LSCR circuit as resistor 177, which deter 
mines the threshold gate level of LSCR 154 at which 
the defrost cycle will be initiated, as hereinabove de 
scribed. In addition, when LSCR 154 begins to conduct 
and neon lamp 240 ceases conduction, TRIAC 246 is 
gated off, thus switching off the defrost control 248. 
The above description of the operation of the ice and 

frost detector 152 and its associated control circuit 170 
has been described with relation to operating conven 
tional defrost control means 248. Such defrost control 
means may be thermal heaters, defrost clocks or other 
conventional apparatus. However, referring to FIG. 7, 
the defrost control 248 may activate a source or sources 
of electromagnetic radiation having an absorption 
wavelength that is only absorbed by ice or frost, such as 
radiation sources 81 and 83 hereinabove described. 
Since the frost will absorb the wavelengths of electro 
magnetic radiation, the frost will be melted without 
heating the surrounding medium. 
Of course, while the control circuit 170 has been 

described above in connection with the frost detecting 
apparatus 152, any of the previous embodiments 102, 
134 or 140 may be utilized with circuitry 170, provided 
the detector utilizes the absorption or scattering tech 
nique described above in connection with FIGS. 3 and 
4. If the technique to be utilized involves the reflective 
scattering techniques above described in connection 
with FIGS. 5, 6, 8, 9 and 10, then a slightly different 
circuit 250 (see FIG. 21) must be utilized. In FIG. 21, 
control circuit 250 comprises nearly the identical ele 
ments and circuit components of control circuit 170. 
Accordingly, in FIG. 21 the elements that are identical 
to those in FIG. 20 are given the same reference num 
bers and the changed elements have new reference 
numbers. 

Referring now to FIGS. 8, 9, 10, 11, 12, 20 and 21, 
control circuit 250 comprises an input power circuit to 
emitter (LED) 125 identical to that in FIG. 20. The 
anode of the detector (LSCR) 128 is connected directly 
to conductor 215 and input terminal 214. Resistor 229 is 
eliminated and conductor 216 is connected to the junc 
tion of conductors 237, 236 and 252. The anode of diode 
231 is connected to the output lead 238 of LSCR by 
means of conductor 253. All other elements of the cir 
cuit are identical to that described above in connection 
with FIG. 20. 
As hereinabove described, the frost detector 102, 134, 

140 or 152, utilizing the re?ective scattering technique 
previously discussed in connection with FIGS. 5 and 6, 
will detect an increase in thickness of frost 124 by an 
increase in the intensity of radiation re?ectively scat 
tered and detected by detector 128. The threshold gate 
voltage of the detector (LSCR) 128 can be set to turn on 
the LSCR at a desired bias value by adjusting the gate 
bias potentiometer 177. As the intensity of the electro 
magnetic radiation reflectively scattered from frost 124 
increases above a predetermined value, the LSCR 128 is 
gated on and starts to conduct. When LSCR 128 con 
ducts, voltage is applied to diode 231 which also con 
ducts and applies voltage across the terminals of the 
neon lamp 240 of photocoupler 239 as hereinbefore 
described in connection with FIG. 20, thus activating 
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TRIAC 246 and activating defrost control means 248 as 
previously described. When the frost is melted by the 
defrost means 248, no electromagnetic radiation will be 
re?ectively scattered and detected by detector 128, thus 
causing LSCR 128 to cease conduction, in turn causing 
diode 231 to cease conduction and turning off the neon 
lamp 240 of photocoupler 239. When lamp 240 is extin 
guished, the photocell resistance 241 goes to a high 
impedance value, gating off TRIAC 246 and switching 
off the defrost control 248, as hereinabove described. 

In the above described control circuits 170 and 250, it 
is readily seen that the photodetector (LSCR) 154 or 
128, respectively, operate in conjunction with an elec 
trical control circuit comprising a defrost power switch 
means comprising TRIAC 246 and a defrost coupling 
switch means 239 interconnected to the defrost power 
switch means above de?ned and operable in response to 
the control signal generated by the LSCR 154 or 128, 
i.e., when the LSCR 154 ceases to conduct or when 
LSCR 128 starts conduction. The RC network compris 
ing capacitor 235 and resistor 238 further acts as a time 
delay circuit for holding the defrost coupling switch 
means 239 closed for a preselected time period after 
completion of the defrost cycle. 

Referring now to FIGS. 13, 14 and 24, a detailed 
schematic of another embodiment 320 of the control 
circuit is shown. Supply voltage of 115 VAC is applied 
across input terminals 321 and 322 to the primary coil of 
a transformer 325. Stepped down voltage is applied via 
the secondary coil of transformer 325 as an input to a 
full-wave recti?er 326 by conductors 327 and 329. One 
side of the output of the recti?er 326 is connected to the 
input terminal 322 through conductors 328 and 324. The 
other side of the output of recti?er 326 is connected 
through conductors 165 and 330, and resistor 334 to the 
anode of a light-emitting diode (LED) 153. The nega 
tive side of the LED 153 is connected to input terminal 
322 through conductors 336 and 324. A storage capaci 
tor 331 is connected across the output of recti?er 326 by 
conductors 332 and 333. 
A photodetector device 154, which may conve 

niently be a light-admitting silicon controlled recti?er 
(LSCR), is connected across terminals 321 and 322 by 
means of conductors 166, 323 and 361, resistor 363, and 
conductor 324. Input voltage is also applied through‘ 
conductors 323 and 338 to the anode of a diode 339. The 
cathode of diode 339 is connected to one terminal of a 
neon lamp 350 by means of conductor 340. Neon lamp 
350 is an element of photocoupler 348, which also in 
cludes a photocell represented by resistor 352. The 
other terminal of the neon lamp 350 is connected by 
conductors 346, 341 and 324 and resistor 345 to the 
input terminal 322. In addition, a capacitor 342 is 
shunted around neon lamp 350 by conductors 343 and 
344. One side of the photocell resistance element 352 of 
photocoupler 348 is connected by conductor 353 to the 
conductor 361 side of resistor 363. The other side of 
photocell resistance element 352 is connected through 
conductors 354, 356 and 358, and variable resistor 355 
to the gate input of the LSCR 154. A gate biasing resis 
tor 359 is connected between resistor 355 and fuse 357 
by conductor 360 and to conductor 353 by conductor 
362. A thermostat or thermal switch element 357 is 
connected between the gate lead 358 and lead 356 of 
LSCR 154. 
The anode lead of LSCR 154 is also connected via 

conductors 166 and 323 to the anode of diode 364. The 
cathode of diode 364 is connected through conductor 
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365 to one terminal of a neon lamp element 370 of a 
second photocoupler 369. The other terminal of neon 
lamp 370 is connected through conductors 371 and 353, 
and variable resistor 372, to the conductor 361 side of 
resistor 363. A capacitor 367 is shunted across the series 
connection of neon lamp 270 and variable resistor 372. 
The photocell resistance element 373 of photocoupler 
369 is connected via conductors 374 and 376 to output 
terminal 378. The other side of the photocell resistance 
373 is connected via conductor 375 to the gate lead of a 
TRIAC 381. TRIAC 381 is connected by conductors 
383, 382 and 376 between terminal 378 and defrost con 
trol 384. The defrost control 384 is connected to termi- ' 
nal 380 by conductor 386. 
One terminal of a neon lamp element 390 of a third 

photocoupler 389 is connected by conductor 388 to the 
conductor 383 side of TRIAC 381. The other terminal 
of the neon lamp 390 is connected by conductors 392, 
394 and 376, and resistor 393 to output load terminal 
378. The photocell resistance element 391 of third 
photocoupler 389 is connected between output load 
resistance terminal 378 by conductors 395 and 376, and 
through conductor 396 to the gate lead of a second 
TRIIC 397. TRIAC 397 is connected between output 
load terminal 378 and a refrigeration control means 401 
by conductors 398, 399 and 376. The other side of the 
refrigeration control circuit 401 is connected to the 
output load terminal 380 by means of conductors 400 
and 386. 

Referring now to FIGS. 3, 4, 13, 14 and 24, the opera 
tion of the frost detector 152 and control circuit 320 for 
controlling the defrost of the refrigeration equipment 
will be explained. As hereinabove previously described, 
frost detector 152 is attached to coil 78, and as the ice or 
frost 124 builds up on the surface of coil 78, the intensity 
of the electromagnetic radiation of preferred wave 
length transmitted by emitter (LED) 153 will decrease 
at the detector (LSCR) 154 as the thickness of the ice or 
frost layer 124 increases due to the absorption or scat 
tering phenomena previously described. The threshold 
gate voltage of the detector (LSCR) 154 can be set to a 
desired value by variable resistor 359. As the intensity 
of the electromagnetic radiation, passing through trans 
parent section or lens 161, decreases below a predeter 
mined value, the LSCR 154 is gated off and ceases 
conduction. When LSCR 154 ceases to conduct, a volt 
age appears across neon lamp 370 of photocoupler 369 
and charges capacitor 367. When voltage appears 
across the terminals of the neon lamp 370, it conducts 
and radiates light to photocell resistance element 373. In 
accordance with conventional photocell technology, 
the impedance of the photocell resistance 373 is reduced 
to a low value, thereby closing the circuit between 
terminal 378 and the gate lead of TRIAC 381 through 
conductors 374 and 375, and the photocell resistor 373. 
The TRIAC 381 conducts and closes the load power 
circuit to the defrost control means 384. With a voltage 
appearing across the defrost control means 384, conven 
tional defrost mechanisms, such as defrost heaters and 
the like, are energized and begin the defrost cycle to 
defrost the ice or frost 124 from evaporator coils 78. 

Capacitor 367 functions to store an electrical charge 
in order to maintain the necessary voltage and conduct 
ing current to neon light 370 during the half-cycle in 
which there is no conduction through diode 364. A time 
delay for operating lamp 370 can be effected by making 
the RC time constant of capacitor 367 and resistor 372 
large and may be adjusted by variable resistor 372. 
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Thus, even after the ice or frost has been melted and the 
defrost cycle has physically been accomplished, an 
additional “defrost time” can be added to the defrost 
cycle. The defrost cycle will be terminated when the 
LSCR 154 resumes conduction after the defrost cycle is 
complete, including any time delay created by the RC 
network of capacitor 367 and variable resistance 372. 
When TRIAC 381 is conducting, the neon lamp 390 

of photocoupler 389 does not conduct and, accordingly, 
the photocell resistance 391 of photocoupler 389 re“ 
mains high, thus gating off TRIAC 397, which in turn 
switches off the application of load power from termi 
nals 378 and 380 to the refrigeration control means 401. 
Thus, while the defrost control means 384 is opera 
tional, the circulation of refrigerating ?uid through the 
evaporator coils of the refrigeration equipment may be 
shut off to enhance the defrost process. Referring to 
FIG. 7, the refrigeration control means may be com 
pressor 86 and/or solenoid valves 97 of the ?rst and 
third evaporator units 75 and 77. 
When LSCR 154 ceases conduction to begin the 

defrost cycle, a voltage also appears across neon lamp 
350 of photocoupler 348 and causes the neon lamp 350 
to conduct, thereby lowering the photocell resistance 
352 of photocoupler 348 to a small value and effectively 
putting resistors 355 and 357 in parallel. Accordingly, 
variable resistor 355 may be set to a selected value to 
establish a higher threshold voltage on the gate lead of 
LSCR 154 that will determine at what level of received 
radiation the LSCR will again begin to conduct in re 

. sponse to a higher intensity or energy level of electro 
magnetic radiation received from emitter (LED) 153 
because of the melting and removal of the frost 124. 
Capacitor 342 cooperates with diode 339 to maintain a 
voltage applied to neon lamp 350 during the half-cycle 

. in which there is no conduction through diode 339. The 
thermostat or temperature responsive switch 357 will 

- ' open upon the air temperature reaching a preselected 
. temperature, thus gating on LSCR 154 and terminating 

‘ the defrost cycle. 
When LSCR 154 begins to conduct after the defrost 

cycle, neon lamp 350 of photocoupler 348 ceases con 
duction and photocell resistor 352 returns to a high 
impedance value, thus leaving the only effective resis 
tance in the circuit as resistor 359, which determines the 
threshold gate level of LSCR 154 at which the defrost 
cycle will be initiated, as hereinabove described. In 
addition, when LSCR 154 begins to conduct, neon lamp 
370 of photocoupler 369 ceases conduction, and the 
photocell resistance 373 returns to a high impedance 
value, thus gating off TRIAC 381 and switching off the 
defrost control 384. However, when TRIAC 381 stops 
conduction, a voltage appears across neon lamp 370 of 
photocoupler 389, thus causing neon lamp 390 to con 
duct and lower the photocell resistance 391 to a low 
impedance value and gating on TRIAC 397. The con 
duction of TRIAC 397 applies the load voltage appear 
ing across terminals 378 and 380 to the refrigeration 
control means 401 for resuming the refrigeration cycle. 
The above description of the operation of the ice and 

frost detector 152 and an associated control circuit 320 
has been described with relation to operating conven 
tional defrost control means 384 during which time the 
refrigeration cycle is shut off by means of refrigeration 
control means 401. However, the defrost control 384 
could activate sources of electromagnetic radiation of 
preselected wavelengths that are only absorbed by 
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frost, such as radiation sources 81 and 83 hereinabove 
described in connection with FIG. 7. 
While the control circuitry 320 has been described 

above in speci?c relation to the frost-detecting appara 
tus 152, any of the previous embodiments 102, 134 or 
140 may be utilized with circuitry 320, provided the 
detector utilizes the absorption or scattering technique 
or phenomena described above in connection with 
FIGS. 3 and 4. If the technique to be utilized involves 
the re?ective scattering techniques above described in 
connection with FIGS. 5, 6, 8, 9 and 10, then a slightly 
different circuit 410 (see FIG. 25) must be utilized. In 
FIG. 25, control circuit 410 comprises nearly the identi 
cal elements and circuit components of control circuit 
320. Accordingly, in FIG. 25 the elements that are 
identical to those in FIG. 24 are given the same refer 
ence numbers and the changed elements have new ref 
erence numbers. 

Referring now to FIGS. 8, 9, 10, 11, 12, 24 and 25, 
control circuit 410 comprises an input power circuit to 
emitter (LED) 125 identical to that in FIG. 24. The 
anode of the detector ( LSCR) 128 is connected directly 
to input terminal 321 by conductor 323. Resistor 363 is 
connected between conductor 324 and the junction of 
conductors 368 and 362. The anode of diode 364 is 
connected by conductor 412 to the output lead 361 of 
the LSCR 128. Diode 339, capacitor 342, photocoupler 
348, and resistors 345 and 355 and all associated inter 
connecting conductors have been removed. Conduc 
tors 353 and 324 are interconnected to provide power to 
one terminal of lamp 370 of photocoupler 369. In addi 
tion, a thermostat or temperature responsive switch 357 
is connected in parallel with the gate resistor 359. All 
other elements of the circuit are identical to that de 
scribed in connection with FIG. 24. 
As hereinabove described, the frost detector 102, 134, 

140 or 152, utilizing the reflective scattering technique 
previously discussed in connection with FIGS. 5 and 6, 
will detect an increase in thickness of frost 124 by an 
increase in the intensity of radiation re?ectively scat 
tered and detected by detector 128. The threshold gate 
voltage of the detector (LSCR) 128 can be set to turn on 
the LSCR at a desired bias value by adjusting the gate 
bias potentiometer 359. As the intensity of the electro 
magnetic radiation re?ectively scattered from frost 124 
increases above a predetermined value, the LSCR 128 is 
gated on and starts to conduct. When LSCR 128 con 
ducts, voltage (the voltage output of recti?er 326) is 
applied to diode 364 which also conducts and applies 
the voltage across the terminals of the neon lamp 370 of 
photocoupler 369 as hereinabove described in connec 
tion with FIG. 24, thus activating TRIAC 381 and 
actuating defrost control means 384 as previously de 
scribed. TRIAC 397 is disabled and refrigeration con 
trol means 401 is shut off during the defrost cycle as 
hereinabove described. When the frost is melted by the 
defrost means 384, no electromagnetic radiation will be 
re?ectively scattered and detected by detector 128, thus 
causing LSCR 128 to cease conduction, in turn causing 
diode 364 to cease conduction and turning off the neon 
lamp 370 of photocoupler 369. When lamp 370 is extin 
guished, the photocell resistance 373 goes to a high 
impedance value, gating off TRIAC 381 and switching 
off the defrost control 384, as hereinabove described. 
When TRIAC 381 is disabled, TRIAC 397 is gated on 
and conducts, thereby switching on refrigeration con 
trol means 401, as previously described in connection 
with FIG. 24. Temperature sensitive switch 357 closes 



4,593,533 
25 

and gates off LSCR 128 upon the air temperature reach 
ing a predetermined temperature level, thereby termi 
nating the defrost cycle. 

In the above described control circuits 320 and 410, it 
is readily seen that the photodetector (LSCR), 154 and 
128, respectively, operate in conjunction with an elec 
trical control circuit comprising defrost power switch 
means comprising TRIAC 381 and a defrost coupling 
switch means 369 interconnected to the defrost power 
switch means above de?ned and operable in response to 
the control signal generated by the LSCR 154 or 128, 
i.e., when the LSCR 154 ceases to conduct or when 
LSCR 128 starts to conduct. The RC network compris 
ing capacitor 367 and resistor 372 further acts as a time 
delay circuit for holding the defrost coupling switch 
means 369 closed for a preselected time period after 
completion of the defrost cycle. In addition, the circuit 
can be described and further de?ned as including a 
refrigeration power switch means comprising TRIAC 
397 and a refrigeration coupling switch means 389 inter 
connected between the defrost power switch means or 
TRIAC 381 and the refrigeration coupling switch 389 
and operating to energize the refrigeration power 
switch means, TRIAC 397, when the defrost power 
switch means, TRIAC 381, is de-energized. 

Referring now to FIG. 16, the invention may also be 
utilized in the form of a detection apparatus for detect 
ing the level of a liquid 189 in a container 181. In FIG. 
16, a liquid level detector 180 is shown disposed in the 
liquid container compartment 181. The detector hous 
ing 182 is positioned within container 181 by means of 
any suitable mounting means such as legs 183. Housing 
182 carries an emitter 185 for transmitting a beam of 
electromagnetic radiation having an absorption narrow 
band of wavelengths and a selected intensity and a de 
tector 186 for receiving and detecting the electromag 
netic radiation. The emitter 185 and detector 186 are 
connected by suitable electrical conductors to a control 
circuit 256 or 304, which will be hereinafter further 
described. A re?ecting surface 184 is disposed in con 
tainer 181 and disposed in a spaced-apart relationship 
from housing 182 carrying the emitter 185 and detector 
186. The electromagnetic radiation transmitted by emit 
ter 185 follows the path 187 and strikes the re?ecting 
surface 184 and is thereby re?ected to and received by 
detector 186 along path 188. 
As long as the level of a liquid 189 remains below the 

re?ecting surface 184, detector 186 receives substan 
tially all of the re?ected electromagnetic radiation from 
emitter 185. However, as the level of liquid 189 rises 
above re?ecting surface 184, the intensity of the electro 
magnetic radiation, having a wavelength preselected 
for absorption by the liquid 189, received by detector 
186 will decrease as the radiation energy is absorbed by 
liquid 189. Accordingly, detector 186 will detect the 
change in the intensity of the electromagnetic radiation, 
thereby detecting the level of the liquid 189 after it rises 
above the level of the re?ecting surface 184. 
The above described liquid level detector 180 has 

particular utility as a stopped drain detector for use in 
connection with refrigeration equipment. In such an 
application, the container 181 would be a portion of the 
refrigerator housing having a drain 101 through which 
condensate water may be discharged from the refrigera 
tion unit. As a stopped drain detector 180, the housing 
182 would be supported on free standing legs 183 that 
could be positioned directly above the drainpipe 101. 
The placement of re?ecting surface 184 could be se 
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lected in order to detect the level of the water 189 
within the compartment 181 at a desired level. The 
re?ecting surface could also be the ?oor 171 of con 
tainer 181. If the drain 101 becomes clogged, and water 
begins to accumulate and back up in the compartment 
181, the detector 180 would detect the level of the rising 
water 189, thereby initiating an appropriate alarm for 
indicating a stopped drainpipe 101. 

Referring to FIGS. 16 and 22, a schematic of control 
circuit 256 is shown in detail. Input terminals 257 and 
258 are connected across a source of input power, such 
as 115 VAC. A conventional lamp or light source 185 
(corresponding to emitter 185 of detector 180) is con 
nected across terminals 257 and 258 by means of con 
ductors 261 and 262. A photodetector 186, such as a 
conventional LSCR, selected to respond to a prese 
lected wavelength of electromagnetic energy absorbed 
by the liquid that is to be detected in container 181 is 
connected across terminals 257 and 258 by conductors 
256, 263, 264, 266 and 260, and resistor 265. The gate 
lead of LSCR 186 is connected via conductors 267 and 
269 and resistor 268 to the conductor 264 side of resistor 
265. The anode terminal of a diode 281 is connected to 
the anode side of LSCR 186 by conductor 270. The 
cathode side of diode 271 is connected by conductors 
272 and 274 to one terminal of a neon lamp element 280 
of photocoupler 279. The other terminal of the neon 
lamp 280 is connected via conductors 281 and 284 and 
resistor 282 to the conductor 264 side of resistor 265. 
The photocell element 286 of the photocoupler 279 is 
connected to terminal 258 by means of conductors 287 
and 260, and to the gate lead of a TRIAC 290 by means 
of conductor 288. TRlAC 290 is connected to power 
input terminal 258 by conductor 260 and to output ter 
minal 292 by means of conductor 294 and to an alarm 
296 by means of conductor 295. The alarm 296 is con 
nected to power output terminal 291 through conductor 
298. 
As long as the level of liquid 189 is below the re?ect 

ing surface 184, the electromagnetic radiation having a 
narrow band of wavelengths emitted by source 185 will 
impinge upon LSCR 186 at a maximum intensity, 
thereby causing LSCR 186 to conduct and preventing 
the conduction of neon lamp 280 of photocoupler 279. 
As long as neon lamp 280 is not conducting, the photo 
cell resistance 286 remains at a high impedance value, 
thereby gating off TRIAC 290 and disabling alarm 296. 
However, as the level of liquid 189 rises above re?ect 
ing surface 184, the intensity of the re?ected electro 
magnetic radiation will decrease, because of the absorp 
tion by the liquid 189, until a predetermined threshold 
level of the LSCR 186 is reached and the LSCR ceases 
conduction. The threshold level for terminating con 
duction of the LSCR 186 is determined by the value of 
resistor 268. A capacitor 277 is connected in shunt 
across the neon lamp 280 and resistor 282 by means of 
conductors 276 and 278. The function of the capacitor 
277 is to insure suf?cient voltage and current for con 
tinuing the conduction of the neon lamp 280 during the 
half-cycle when diode 271 is not conducting. When 
LSCR 186 ceases conduction, a voltage appears across 
neon lamp 280, causing it to conduct and lowering the 
resistance of the photocell resistor 286 to a low impe 
dance value, thereby allowing current to ?ow through 
conductors 287 and 288 for gating on TRIAC 290. 
When TRIAC 290 conducts, voltage is applied from 
power input terminal 258 through conductors 260, 
TRIAC 290, conductors 294 and 295, and output termi 












